Background: An ethnomedicinal study was conducted to document the medicinal plants used for treating diseases in the coastal bushland of the Lindi Region in southeastern Tanzania.
Conclusions: The use of mostly native plants to manage diseases in the study area was validated through cross-checking uses at other locations, and the therapeutic claims of the interviewees were verified. Some of the new findings and new species utilized may provide a basis for new medicinal compounds and remedies in the future.
Background
Even with the progress of modern medicine, people worldwide continue to use herbal medicine as an affordable and familiar form of treatment. In addition, the World Health Organization (WHO) recognizes the importance and therapeutic value of herbal medicine and supports its facilitation [1, 2] . Relying on traditional medicine is also highly regarded and important for people's health in Tanzania, which caused the Tanzanian government to adopt a strategy supporting continued research on medicinal plant uses [3] . In a series of articles published from 1988 to 1993, 77 medicinal plants used in northeast and centraleast Tanzania were reported, namely, the Coast, Dar es Salaam, Kilimanjaro, Morogoro, and Tanga [4] [5] [6] [7] [8] [9] . In another three articles published in the period 2009-2012, 94, 33, and 49 ethnomedicinal plants used in the region of Kagera in northwestern Tanzania, respectively, were reported [10] [11] [12] . Other studies have identified 45 medicinal plants in the New Dabaga Ulongambi Forest Reserve in the Udzungwa Mountains [13] , as well as 82 medicinal plants around the Kimboza Forest Reserve [14] , both of which are in the region With the relatively large amount of rainfall and numerous forest reserves in the coastal bushland of Lindi District, southeast Tanzania has ample resources and knowledge of traditional medicine. In a previous study, a few useful plants from a single case study were reported in the Lindi Region [15] and compared to the knowledge of a set of plants compiled from villagers in Rutamba Village [16] . In addition, how interviewees share and withhold medicinal plant knowledge compared among those of the Dodoma Region, Tanga Region, Dar es Salaam, and Zanzibar has been analyzed [17] ; how female users utilize medicinal plants in the Lindi Region, Dodoma Region and Zanzibar has been compared [18] ; and basic useful plants that were identified in the Lindi Region have been disseminated in a picture book [19] in previous studies performed in Tanzania. However, the collected information has yet to be published as ethnomedicinal research and has not been compared with previous findings within Tanzania. In this research, information on the medicinal plants used in the coastal bushlands of Lindi District, Tanzania, is recorded and analyzed.
Methods

Study area
The study was carried out in six villages (Mchinga II, Michee, Rutamba, Kinyope, Milola, and Nndawa) within the Lindi Region of Lindi District located in southeastern Tanzania.
Lindi District includes coastal lowlands at an altitude of 0-100 m with sandy soils and midlands at an altitude of 300-600 m with sandy-loamy soils [20] . The rural population of this district is 181,979 inhabitants [21] . The study locations were between a latitude of 09°43′-10°14′S and a longitude of 39°12′-39°43′E, as shown in Fig. 1 . The altitudes were in the range of 12-411 m, with Mchinga II in the extreme northeast on the coast at the lowest altitude and Nndawa inland to the southwest at the highest attitude. The vicinity had various forest reserves, including Rondo, Litipo, Makangala, and Chitoa ( Fig. 1 ).Various forest reserves differed in terms of species diversity and in terms of which tree species are most common. Rondo had the most diversity, e.g., Milicia excelsa, Albizia gummifera, Dombeya sp. among others followed by Chitoa (e.g., Scorodophloeus fischeri, Afzelia quanzesis, Manilkara sulcata, Milicia excelsa, and Euphorbia sp.), whereas Makangala (Brachystegia spiciformis, Pterocarpus angolensis, Manilkara sulcata, and Euphorbia sp.) and Litipo (Berlinia orientalis) had limited diversity with regard to common tree species [22] .
Data collection
Ethnobotanical data were collected between August 2016 and September 2017 (August to September 2016, January to February 2017, and August to September 2017), on the basis of mainly semistructured interviews in Swahili with 13 interviewees (10 males, 3 females) who were either traditional healers or villagers who were considered knowledgeable with regard to medicinal plants. Of the interviewees, three were from Mchinga II, six from Rutamba and Michee (formally part of Rutamba), one from Kinyope, one from Milola, and two from Nndawa. Their ages ranged from 36 to 81. Among them, six significant interviewees from Rutamba, Milola, Kinyope, and Mchinga II each provided information on more than 10 medicinal plants. These interviewees were all males, and their average age was 56.8 years. Plant specimens were collected (along with GPS data and a photo), and plant type and habitat were documented as well as their local names. Which diseases were treated by each plant, the plant organs used, and their edibility information were also collected in the field. The methods of preparation and administration were also recorded; however, this information is proprietary and cannot be disclosed. 
Results
Medicinal plant diversity
A total of 108 plant species belonging to 91 genera and 49 families that are used for treating nearly 66 health problems/diseases as well as five other related uses were identified in the study (Tables 1 and 2 ). The most common plant family in the list of medicinal plants was Caesalpiniaceae with nine (8.3%) medicinal plant species, followed by Euphorbiaceae (6 species, 5.6%) and Rubiaceae (5 species, 4.6%). Families Caesalpiniaceae and Euphorbiaceae had the most represented genera (6 species, 6.6%).
Within a genus, Cassia (family Caesalpiniaceae) and Ficus (family Moraceae) had the greatest number of represented species (3, 2.8%). The most commonly used plant species was Securidaca longipedunculata with nine treatments (3.3%, diseases and plant organs).
Other species used frequently included Abrus precatorius (7 treatments, 2.6%), Buchnerodendron lasiocalyx (7 treatments, 2.6%), Senna occidentalis (6 treatments, 2.2%), Ocimum gratissimum (6 treatments, 2.2%), Rourea orientalis (6 treatments, 2.2%), and Rytigynia celastroides (6 treatments, 2.2%; see Additional file 3). Table 1 Medicinal plant families included in the study with the corresponding number of genera and species
Families
Number of genera  Number of species  Caesalpiniaceae  6  9  Euphorbiaceae  6  6  Rubiaceae  5  5  Capparidaceae  4  4  Papilionaceae  4  4  Apocynaceae  3  4  Tiliaceae  3  4  Moraceae  2  4  Anacardiaceae  3  3  Annonaceae  2  3  Celasteaceae  2  3  Combretaceae  2  3  Compositae  2  3  Ebenaceae  2  3  Flacourtiaceae  2  3  Laminaceae  2  3 were each used in four treatments. In addition, the most commonly used bark was that of Cassia agnes (Caesalpiniaceae), which was used in three treatments.
Maladies Remedied
The diseases and maladies treated using traditional medicine were classified according to the WHO ICD-11 ( Table 2 ). The most frequent classification fell under "21: Symptoms or signs … not elsewhere classified" with 52 treatments (19.4%), including convulsion (18, 6.7%) and stomachache (11, 4 .1%). This classification was followed by the new "26:
Supplementary Chapter Traditional Medicine Conditions" with 49 treatments (18.3%); however, a total of 45 (16.8%) treatments were related to magic and the traditional belief system, including witchcraft, which did not fit any of the descriptions well. Furthermore, 34 treatments (12.7%) were classified as "13: Disease of the digestive system," 31 (11.6%) as "1: Certain infectious or parasitic diseases," and 15 (5.6%) as "9: Disease of the visual system." Specific severe diseases with a documented treatment were hernia (19, 7.1%), convulsion (18, 6.7%), stomachache (11, 4.1%), snake bites (9, 3.4%), skin parasites (7, 2.6%), abscesses (6, 2.2%), tinea capitis (6, 2.2%), malaria (6, 2.2%), and measles (5, 1.9%).
There were some diseases in the categories of "1: Certain infectious or parasitic diseases," "13: Diseases of the digestive system," "21: Symptoms or signs … not elsewhere classified," and "26: Supplementary Chapter Traditional Medicine Conditions" that had a limited number of plant species used for their treatment, which are listed in Certain infectious or parasitic diseases," "26: Traditional medicine," and "21: Other symptoms," 4.4% (11), 6.0% (16) , and 5.6% (15) , respectively, were edible, whereas some classifications such as "9: Disease of the visual system" were only comprised of 0.7% (2) edible plants. There were also differences among classifications in the frequency of the plant organs used to prepare treatments, as shown in Table 2 .
Comparison with medicinal uses in other parts of Tanzania
The species identified in this study were compared to reports from other regions of information on the species and were novel species. The plant organs found to be most commonly used in this study and previous research for the same or similar disease with the same species were leaves (18, 6.7%) and roots (16, 6.0%), followed by bark (6, 2.2%).
Discussion
This study was able to elucidate the plants that were most frequently used to treat diseases and other maladies in the coastal bushlands of Tanzania. The most utilized plant family was Caesalpiniaceae; species within Caesalpiniaceae have also frequently been classified as Fabaceae in central-east [14] and northwest [11] Tanzania. Medicinal plants within Euphorbiaceae have also frequently been used and found in other research in northeastern and central-eastern Tanzania [4] [5] [6] [7] [8] [9] 14] , as well as northwestern Tanzania [11] [12] . Rubiaceae was also frequently found in the study in northeastern Tanzania [5] [6] [7] [8] [9] .
In this study, the most frequent plant types used in medicinal treatments were trees followed by shrubs. As previous research in northwestern Tanzania has shown, being near forests provides an opportunity to utilize trees for medicinal purposes and increases the likelihood of their use [3] . The region included in this study area is also in the vicinity of forests, and the forested areas may have contributed to the medicinal species used in these regions for treatment, and ultimate collection by in this research.
Leaves and roots were the most commonly used plant organs in the preparation of medicine in this region of Tanzania; however, in previous research, roots were the most commonly used plant organ in northeastern and central-eastern Tanzania [4] [5] [6] [7] [8] [9] 13] , whereas leaves were most commonly used in the northwest [10] [11] [12] and central east [14] .
In this study, leaves were used more frequently followed by roots. The possible frequent use of leaves is as follows: Firstly, all plant habits included in the study (e.g., trees, shrubs, herbs, grasses etc.) may have influenced the frequent use of leaves. Generally, the only commonly available organ of the plants for medicine is leaves when all the plant habits are involved. The roots or barks of herbs and grasses are rarely recorded. Second, the study included experts as well as non-experts as informants. Leaves make infusion easy, and consequently are used by majority even by non-experts in traditional medicine.
Third, the frequent use of leaves may be a result of the villages within the research area utilizing several tree species in neighboring forest reserves [10] . The use of leaves as opposed to roots may have a positive consequence on the conservation of the species as the use of leaves is less likely to severely damage the plant and threaten plant survival in comparison to roots. However, it should also be noted that medicinal plants have other uses that may lead to their over exploitation, threatening their continuous survival in the area [29] Analyses of ethnomedicinal claims from southeastern Tanzania were performed, and 9.3% of the treatments were identical in terms of species, disease remedied, and plant organ(s) used. Claims concerning the plants are listed in Table 3 . people from different areas support the notion that the plant may have curative properties [11, 30] . On the other hand, some plant organs are known to be poisonous. The seeds of Abrus precatorius [ 25] , the bark of Securidaca longipedunculata, and the roots of Vernonia amygdalina [ 24] are established as toxic, and their use can be dangerous. Meanwhile, some species such as Annona senegalensis, Azadirachta indica, Cassia occidentalis ( Senna occidentalis), Moringa oleifera, and Psidium guajava, also included in this study, are considered to have good toxicological profiles [31] . Furthermore, the edibility of the plant organ is another sign of established usage, and 28.7% of the species in these studies were edible. Analysis also showed that edible plants were used more frequently to treat infectious or parasitic diseases.
Some plants in this study were used for the treatment of multiple diseases. A possible reason might be that plants contain various secondary metabolites that could have different pharmacological activities that can treat different diseases. Securidaca longipedunculata was the most used among nine plant organ-malady combinations (i.e., combinations of bark, roots, and leaves were used for constipation, spinal hernia, convulsion strike, and snake bites). Using roots to treat snake bites is also common in Nigeria, and this species has been well studied there. Its bark is known to be toxic, and aqueous stem bark extracts have been shown to be slightly toxic [32] . However, another study indicated that the bark served an antibacterial function, which supports its use in the management of bacterial diseases [33] . The evaluation of its leaf and root extracts indicated that the roots have a high antimicrobial activity [34] .
Abrus precatorius was used in seven plant organ-malady combinations (i.e., combinations of seeds, leaves, and roots for the treatment of eyes, pregnancy, birth, and blood in urine). The use of leaves to treat issues with the eyes occurs in nearby African regions, but the leaves are also known to be toxic. Previous research has indicated that the leaves contain various substances with potential therapeutic effects [35] .
There were also discrepancies in the literature regarding the geographical generalization of Tamarindus indica, well-known edible species. Previous research indicated that the bark is used in West Africa, whereas the leaves are used in East Africa to treat diarrhea [26] .
However, this study shows that that bark is also used to treat diarrhea in East Africa.
This study has a few limitations. First, information on the preparation, dosage, and route of administration of medicinal plants is proprietary and, therefore, limits the capability of direct comparisons of previous and future ethnomedicinal research. Second, the study is limited to defining uses in the given research area and is not representative of common usage. However, the diversity of knowledge and usage between areas, even within the same ethnic group, has been argued elsewhere [16, 17] .
Conclusions
In this study, a large number of medicinal plants were shown to be used for treating 
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